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(54) Optical integrated circuit for bidirectional communications and method for producing the 
same 



(57) The invention relates to an optical integrated 
circuit for bidirectional communications which is able to 
achieve a downsizing and high integration with the pro- 
duction cost thereof decreased. An optical waveguide 
circuit 20 is formed on a substrate 25 and a photo diode 
(PD) 8 is connected to the outgoing end 29 side thereof. 
The optical waveguide circuit 20 has a circuit of an op- 
tical wavelength division multiplexer which causes com- 
munication signal light (A.1 ) inputted from a bidirectional 
light input/output port 33 to be transmitted through a 
communication light selective transmission filter 24 and 
to be outputted from a communication light output port 
34 and causes non-communication light (X2) to be re- 
flected by the communication light selective transmis- 



sion filter 24 and to outgo through a non -communication 
light output port 35. A piezoelectric element 15 is pro- 
vided on the upper part at the outgoing side 29 of the 
communication light output port 34. When the commu- 
nication signal light passing through the optical 
waveguide circuit 20 is inputted into the PD 8, the PD 8 
is actuated in the reception mode to receive communi- 
cation signal light and is not driven in the transmission 
mode to reflect communication signal light toward the 
optical waveguide circuit 20 side by a high reflection 
coating film 30. The reflection light is given polarization 
plane modulation by the piezoelectric element 15, and 
the polarization plane modulated light is transmitted 
from the bidirectional light input/output port 33. 



Fig. 1 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an optical integrat- 
ed circuit for bidirectional communication and a method 
for producing the same, which are mainly utilized for an 
optical fiber communication system. 

BACKGROUND OF THE INVENTION 

As one example of optical communication systems, 
there is an optical subscriber system for telephone com- 
munications, etc. Fig. 6 shows one configuration exam- 
ple of optical fiber communication system for this sub- 
scriber system. The system illustrated in the same draw- 
ing is a system which proposes a low-speed communi- 
cation service of POTS (Plain Old Telephone Service) 
(for example, telephone service, etc.) and a high-speed 
communication service which is mainly a transmission 
of video signals, etc. 

In the same drawing, an optical transmitter-receiver 
equipment 5 installed in a station 1 is connected to the 
respective optical transmitter-receiver facilities 5 of a 
plurality (N units) of subscriber houses 2 via an optical 
fiber transmission cable 3 and a 1 :N star coupler 4, and 
the optical transmitter-receiver facilities 5 in the station 
1 and the respective subscriber houses 2 respectively 
have an optical wavelength division multiplexer (WDM) 
10, 1 x2 optical coupler 9, laser diode 6, and photo diode 
8. Furthermore, Fig. 7 shows an optical transmitter-re- 
ceiver equipment 5 in a subscriber. house 2, wherein a 
light emission drive circuit 12 and a modulation circuit 
57 are connected to the laser diode 6, and a reverse 
bias impression device 13, an optical receiver drive cir- 
cuit 51 and a receiver demodulation circuit 14 are con- 
nected to the photo diode 8. Furthermore, a picture sig- 
nal receiver such as video 11, etc. is connected to the 
optical wavelength division multiplexer 10. 

In the optical transmitter-receiver equipment 5 in a 
subscriber house 2, when both communication signal 
light of wavelength X^ (for example 1 31u.m) and picture 
signal light as non-communication light of wavelength 
X2 (for example 1 55u.m) different from the above com- 
munication signal light enter the optical wavelength di- 
vision multiplexer 10, the same permits the communi- 
cation signal light of wavelength XI to be transmitted to 
the 1x2 optical coupler 9 side and, on the other hand, 
the same permits the picture signal light of wavelength 
X2 to be transmitted to the video 11 side. 

The 1 x2 optical coupler 9 transmits communication 
signal light inputted through the optical wavelength di- 
vision multiplexer 1 0 to the photo diode 8 side. Further- 
more, the 1x2 optical coupler 9 is constructed so that 
transmission light (communication signal light) of wave- 
length \1, which is transmitted from the laser diode 6, 
enters the same, wherein the 1x2 optical coupler 9 
transmits this communication signal light to the optical 



wavelength division multiplexer 10 side. Transmission 
of communication signal light by the laser diode is car- 
ried out by the light emission drive circuit 12 and, mod- 
ulation circuit 57. 

5 The photo diode 8 functions as a semiconductor 

light reception element, and if the reverse bias impres- 
sion device 13 for impressing reverse bias voltage is 
driven by the light reception drive circuit 51 , the reverse 
bias voltage is impressed to the photo diode 8. At this 

10 time, an optical current responsive to the modulation of 
the communication signal light incident into the photo 
diode 8 is detected by the reception demodulation circuit 
14. 

When an optical communication is carried out be- 
15 tween the station 1 side and a subscriber house 2 side 
by a system shown in Fig. 6 using such an optical trans- 
mitter-receiver equipment 5, for example, the commu- 
nication signal light is made incident into an optical fiber 
transmission cable 3 via the 1x2 optical coupler 9 and 

20 optical wavelength division multiplexer 1 0 by driving the 
laser diode 6 secured at the station 1 side optical trans- 
mitter-receiver equipment 5 and transmitted via the op- 
tical fiber transmission cable 3. Thereafter, the commu- 
nication signal light is inputted into the optical transmit- 

25 ter-receiver equipment 5 at the subscriber house 2 side. 
Thereby, this inputted communication signal light is 
transmitted to the optical wavelength division multiplex- 
er 10, 1x2 optical coupler 9 and photo diode 8 in the 
optical transmitter-receiver equipment 5 of a subscriber 

30 house 2 in the order, and the same communication sig- 
nal light is received by the photo diode 8 and is detected 
by the reception demodulation circuit 14 as an optical 
current as described above. 

Furthermore, to the contrary, when communication 

35 signal light is transmitted from a subscriber house 2 to 
the station 1 side, the laser diode 6 in the transmitter- 
receiver equipment 5 of the subscriber house 2 is driven 
to transmit the communication signal light through the 
1x2 optical coupler 9 and optical wavelength division 

40 multiplexer 10 in the order and to transmit the same 
through an optical fiber transmission cable 3. The com- 
munication signal light transmitted through the optical 
fiber transmission cable 3 is received by the optical 
transmitter-receiver equipment 5 in the station 1 side in 

45 compliance with the same actions as those at the optical 
transmitter-receiver equipment 5 of the abovemen- 
tioned subscriber house 2 side. 

Furthermore, for example, as shown in Fig. 6, when 
picture signal light of wavelength A2 is transmitted from . 

so a picture signal light transmission device 67 at the sta- 
tion 1 side, this picture signal light is transmitted to the 
optical fiber transmission cable 3 via the optical wave- 
length division multiplexer 10 at the station 1 side and 
is made incident into the optical transmitter-receiver 

55 equipment 5 at the subscriber house 2 side. Thereafter, 
the picture signal light is divided by the optical wave- 
length division multiplexer 1 0 and is received by a video 
11 at the subscriber house 2 side, wherein the picture 
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signal light is reproduced. 

* Fig. 8 shows a device configuration of the conven- 
tional optical transmitter-receiver equipment 5. As 
shown in the same drawing, this device forms an optical 
waveguide circuit 20 having a core 1 8 on a circuit board 
25, and the optical waveguide circuit 20 is constructed 
so as to form a lower clad layer 27a, a core 18, and an 
upper clad layer 27b in the order. A fiber fixing fixture 
21 , at which two optical fibers 23a and 23b are provided, 
is provided at one end side of the optical waveguide cir- 
cuit 20. The respective optical fibers 23a and 23b are 
optically connected to the core 18 of the optical 
waveguide circuits 20, respectively. 

Furthermore, a laser diode 6 and a photo diode 8 
are provided and optically connected to the other end 
side of the optical waveguide circuit 20 and the laser 
diode 6 and photo diode 8 are respectively mounted on 
the circuit board 25 via an electrode pattern 1 9. Further- 
more, the laser diode 6 is connected to the abovemen- 
tioned modulation circuit 57 and light emission drive cir- 
cuit 12, which are not illustrated in Fig. 8, via the elec- 
trode pattern 19 and the photo diode 8 is connected to 
the abovementioned reverse bias impression device 1 3, 
reception drive circuit 51 and reception demodulation 
circuit 1 4 via the electrode pattern 1 9. 

In the device illustrated in the same drawing, the 
optical waveguide circuit 20 constitutes the abovemen- 
tioned optical wavelength division multiplexer 10 and 
1x2 optical coupler 9, and the optical wavelength divi- 
sion multiplexer 10 has a communication light selective 
transmission filter 24 inserted into a filter groove 22 of 
the optical waveguide circuit 20. The communication 
light selective transmission filter 24 is able to transmit 
the communication signal light of wavelength A.1 and re- 
flect the picture signal light of wavelength \2. 

In a case where the optical transmitter-receiver 
equipment 5 is configured as shown in the same draw- 
ing, as both the communication signal light of wave- 
length ?i1 and the picture signal light of wavelength X2 
enter the optical transmitter-receiver equipment 5 from 
the optical fiber 23a, the picture signal light of wave- 
length X2 of these rays of light is reflected by the com- 
munication light selective transmission filter 24 of the 
optical wavelength division multiplexer 1 0 and is caused 
to outgo from the optical fiber 23b, and the communica- 
tion signal light of wavelength passes through the 
communication light selective transmission filter 24 and 
enters the 1x2 optical coupler 9, wherein the same en- 
ters the photo diode 8 via the 1x2 optical coupler 9. Fur- 
thermore, the communication signal light of wavelength 
XI transmitted from the laser diode 6 passes through 
the communication light selective transmission filter 24 
after passing through the 1x2 optical coupler 9, and the 
same is caused to outgo from the optical fiber 23a. 

OBJECT AND SUMMARY OF THE INVENTION 

However, since an optical transmission system for 



optical subscribers illustrated in Fig. 6 is an optical trans- 
mission system aiming at, for example, subscriber hous- 
es 2 of general households, it is highly recommended 
that the system construction cost is decreased as much 

5 as possible in view of spread of the service thereof. Par- 
ticularly, it is requested that the cost of the optical trans- 
mitter-receiver equipment 5 to be installed at the sub- 
scriber house 2 side is decreased and the same is highly 
integrated with the size thereof reduced. 

10 However, a conventional optical transmitter-receiv- 
er equipment 5 has a laser diode 6 and a photo diode 8 
as described above, and in particular since the light 
emission drive circuit 12 for driving the laser diode 6 
must transmit intensive light for transmission from a sub- 

15 scriber house 2 side to the station 1 side by using the 
laser diode 6, it is necessary to prepare a large-sized 
transmitter-receiver equipment 5. Therefore, it was dif- 
ficult to make the optical transmitter-receiver equipment 

5 small. 

20 Furthermore, in the conventional optical transmit- 
ter-receiver equipment 5, it is necessary tooptically con- 
nect both the optical components of the laser diode 6 
and photo diode 8 to the core. 18 of the optical 
waveguide circuit 20 at a high accuracy. There is such 

25 a problem where the core alignment work is very diffi- 
cult. Especially, since the mode field diameter of the la- 
ser diode 6 is very different from the mode field diameter 
of the core 18 and the shapes thereof are also much 
different from each other, there is such a problem where 

30 the optical coupling loss is unavoidably made large. 
Therefore, in order to compensate that, there arise 
many difficult points, that is, the output of the laser diode 

6 must be much increased, a reflection countermeasure 
must be provided, and since a laser is a heat generating 

35 element, a Peltier cooling element is incorporated and 
the temperature control circuit thereof also becomes 
necessary. 

Thus, in the conventional optical transmitter-receiv- 
er equipment 5, since an especially large-sized light 

40 emission drive circuit 12 is necessary, there is a limit in 
the downsizing and high integration of the component 
compositions. Furthermore, a number of processes in 
line with the mounting of the respective optical compo- 
nents are required and they are not easy. It was difficult 

45 to decrease the cost of production. 

The present invention is for solving the abovemen- 
tioned shortcomings and problems, and it is therefore 
an object of the invention to provide an optical integrated 
circuit for bidirectional communications and a method 

50 for producing the same, which are able to make an op- 
tical transmitter-receiver equipment small and highly in- 
tegrated and further to reduce the production cost. 

In order to achieve the above object, the present 
invention is able to solve the abovementioned short- 

55 comings and problems by providing the following 
means. That is, an optical integrated circuit for bidirec- 
tional communications according to the invention is an 
optical integrated circuit in which an optical waveguide 
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circuit having a lower clad layer, a core and an upper 
clad layer formed in the order on a substrate and a sem- 
iconductor light reception element is connected to the 
outgoing end side of the core of the corresponding op- 
tical waveguide circuit, comprising: a reception mode 
actuation portion in which a reflector for communication 
signal light is provided at the abovementioned semicon- 
ductor light reception element, a polarization plane mod- 
ulating element is formed on the surface side of the up- 
per clad layer of an optical waveguide circuit in a chan- 
nel of the reflection light reflected by the reflector and 
arriving at the bidirectional input/output end of the 
abovementioned optical waveguide circuit, the above- 
mentioned semiconductor light reception element is ac- 
tuated in line with a synchronization timing of reception 
when communication signal light is inputted into the 
semiconductor light reception element through the 
abovementioned optical waveguide circuit thereby 
causing the communication, signal light to be received 
by the semiconductor light reception element; and a 
transmission mode actuation portion in which the com- 
munication signal light is reflected to the bidirectional 
input/output end side of the abovementioned optical 
waveguide circuit by the reflector without actuating the 
semiconductor light reception element when the com- 
munication signal light is inputted into the semiconduc- 
tor light reception element, in line therewith polarization 
plane modulation is given to the reflection light by the 
abovementioned polarization plane modulating ele- 
ment, and the corresponding polarization plane modu- 
lated light is made transmission light and the same is 
transmitted to the bidirectional input/output end side of 
the core of the abovementioned optical waveguide cir- 
cuit. 

An optical integrated circuit for bidirectional com- 
munications according to the invention is characterized 
in that the abovementioned optical waveguide circuit is 
constituted as an optical wavelength division multiplexer 
having a bidirectional light input/output port in which 
both communication signal light and non-communica- 
tion signal light, the wavelength of which is different from 
that of the communication signal light, are made inci- 
dent, a communication light output port for leading only 
the communication signal light of the communication 
signal light and non-communication signal light to the 
input side of a semiconductor light reception element, 
and a non-communication signal light output port for 
leading the non-communication signal light in a direction 
deviating from the input side of the corresponding sem- 
iconductor light reception element. 

Furthermore, an optical integrated circuit for bidi- 
rectional communications according to the invention is 
also characterized in that the abovementioned optical 
waveguide circuit has the main light path for connecting 
the bidirectional light input/output port and communica- 
tion light output port, a non-communication light output 
port is provided at the outgoing end side of a branch 
path branched from the corresponding main light path, 



and a communication light selective transmission filter 
is provided at the branch portion of the corresponding 
main light path and branch path, which is able to transmit 
the communication signal light incident from the above- 

s mentioned bidirectional light input/output port to the 
abovementioned communication light output port side, 
to transmit the light reflected by a semiconductor light 
reception element of the communication signal light to 
the abovementioned bidirectional light input/output port, 

io and to reflect the non-communication light incident from 
the abovementioned bidirectional light input/output port 
to the abovementioned branch path side. 

Furthermore, an optical integrated circuit for bidi- 
rectional communications according to the invention is 

*5 further characterized in that the abovementioned optical 
waveguide circuit is constructed to be a Mach-Zehnder 
interferometer type circuit which has the first optical 
waveguide and second optical waveguide, wherein the 
first optical waveguide and second optical waveguide 

20 are arranged and formed in a row with a gap provided 
therebetween, two directional couplers formed by mak- 
ing the corresponding first optical waveguide and sec- 
ond optical waveguide closer to each other are disposed 
in a series partway of the first optical waveguide and 

2S second optical waveguide, and a phase-shifting portion 
in which the lengths of the first optical waveguide and 
second optical waveguide are relatively changed inter- 
venes between two directional couplers, and the inci- 
dent side of any one of the abovementioned first and 

30 second optical waveguides is made a bidirectional light 
input/output port, the outgoing side of any one of the 
abovementioned first and second optical waveguides is 
made a communication light output port, and the outgo- 
ing side of the other optical waveguide is made a non- " 

35 communication output port. 

Furthermore, an optical integrated circuit for bidi- 
rectional communications according to the invention is 
further characterized in that the abovementioned polar- 
ization plane modulating element is formed of a ptezo- 

•*o electric element, the abovementioned piezoelectric ele- 
ment is constructed by depositing a lower electrode, a 
piezoelectric member and an upper electrode in the or- 
der on the surface side of the upper clad layer, the sub- 
strate is made of a silicon substrate or silica glass sub- 

45 strate, and the optical waveguide circuit is formed by any 
one of flame deposition method, evaporation method, 
and chemical vapor phase growth method. 

Furthermore, an optical integrated circuit for bidi- 
rectional communications according to the invention is 

50 further characterized in that a reverse bias impression 
device for impressing reverse bias voltage is connected 
to the abovementioned semiconductor light reception 
element, the reception mode actuation portion is con- 
structed so as to drive the reverse bias impression de- 

55 vice when communication signal light is inputted into the 
corresponding semiconductor light reception element, 
and the transmission mode actuation portion establish- 
. es a bias-free or forward bias state by stopping the re- 
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verse bias impression drive of the abovementioned re- 
verse bias impression device when communication sig- 
nal ligrvt is inputted into the semiconductor light recep- 
tion element, wherein the communication signal light in- 
putted into the semiconductor light reception element is 
permitted to transmit from the input side of the corre- 
sponding semiconductor light reception element to the 
reflector side. 

Still furthermore, a method for producing an optical 
integrated circuit for bidirectional communications ac- 
cording to the present invention is characterized in that 
after optical waveguide circuits are formed on a sub- 
strate at areas other than those where semiconductor 
light reception elements are disposed and electrode pat- 
terns are deposited and formed on the surface side of 
the area, at which semiconductor light reception ele- 
ments are disposed, of a substrate when producing an 
optical integrated circuit for bidirectional communica- 
tions constructed as described above, semiconductor 
light reception elements are mounted on the corre- 
sponding electrode patterns and the corresponding 
semiconductor light reception elements are optically 
connected to the outgoing end side of the core of the 
abovementioned optical waveguide circuits. 

In an optical integrated circuit for bidirectional com- 
munications, constructed as above, according to the in- 
vention, a reception mode actuation portion is connect- 
ed to the semiconductor light reception elements con- 
nected to the outgoing end side of the core of the optical 
waveguide circuit, wherein when communication signal 
light is inputted into the semiconductor light reception 
element through the optical waveguide circuit, the sem- 
iconductor light reception element is actuated by the re- 
ception mode actuation portion in line with the synchro- 
nization timing of reception, thereby the communication 
signal light is received by the semiconductor light recep- 
tion element. 

Furthermore, with the invention, a polarization 
plane modulating element is formed at the outgoing end 
side of the core of the abovementioned optical 
waveguide circuit, a reflector of communication signal 
light is provided at the abovementioned semiconductor 
light reception element, and the semiconductor light re- 
ception element is connected to the transmission mode 
actuation portion. When light is transmitted from the op- 
tical integrated circuit for bidirectional communications, 
the transmission mode actuation portion is able to reflect 
the communication signal light to the bidirectional input/ 
output end side of the optical waveguide circuit by a re- 
flector without actuating the semiconductor light recep- 
tion element when the communication signal light is in- 
putted into the semiconductor light reception element, 
and is able to modulate the plane of polarization by a 
polarization plane modulating element with respect to 
the reflected light of the communication signal light. 
Thereby the polarization plane modulated light is made 
transmission light and is transmitted to the bidirectional 
input/output end side of the core of the optical 



waveguide circuit. 

Thus, in the invention, since it is possible to perform 
both reception and transmission of communication sig- 
nal light using semiconductor light reception elements 

s by actuation of the transmission mode actuation portion 
and reception mode actuation portion, an optical inte- 
grated circuit can be formed without requiring any light 
emitting diode such as laser diodes, etc. which were req- 
uisite in the conventional optical transmitter-receiver 

10 equipment. Therefore, not only it is possible to achieve 
a downsizing and high integration of the equipment 
equivalent to the omission of light emitting diodes such 
as laser diodes, but also no large-sized drive circuits, 
etc. for driving the light emitting elements are required, 

is wherein further downsizing and high integration can be 
attempted along with decreasing the cost of production. 
Furthermore, since it is not necessary to optically couple 
both the light emitting elements such as laser diodes 
and light reception elements to an optical waveguide cir- 

20 cuit, a process for mounting light emitting elements onto 
a substrate may be omitted, whereby it is possible to 
further decrease the cost of production and accordingly 
to solve the abovementioned shortcomings. 

That is, an optical integrated circuit for bidirectional 

25 communications according to the invention is such that 
a reflector of communication signal light is secured to a 
semiconductor light reception element connected to the 
outgoing end side of an optical waveguide circuit and a 
polarization plane modulating element is provided at the 

30 optical waveguide circuit, and when communication sig- 
nal light passes through the optical waveguide circuit 
and is inputted into the semiconductor light reception el- 
ement, the semiconductor light reception element is 
caused to receive the communication signal light by 

35 controlling the reception mode actuation portion, the re- 
flector reflects communication signal light to the bidirec- 
tional input/output end side of the optical waveguide cir- 
cuit without actuating the semiconductor light reception 
element when the communication signal light is inputted 

JO into the semiconductor light reception element by actu- 
ation of the transmission mode actuation portion, and 
and plane polarization-modulation is given to the reflect- 
ed light for transmission. Therefore, the bidirectional 
communication is enabled without use of light emitting 

^5 diodes such as laser diodes, etc. which were requisite 
in the conventional equipment. 

Accordingly, not only it is possible to make the 
equipment small and to decrease the production cost in 
line with omission of light emitting diodes in the conven- 

50 tional equipment, but also it is possible to omit a large- 
sized light emission driving circuits, etc. for driving the 
light emitting elements, whereby it is possible to further 
make the equipment small and to secure higher integra- 
tion of the equipment along with decreasing of the pro- 

55 duction cost. 

Furthermore, according to an optical integrated cir- 
cuit for bidirectional communications of the invention, it 
is not necessary to individually align the cores of both 
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the light emitting element and light reception element 
and to optically couple them with respect to an optical 
waveguide circuit unlike conventional equipment in 
which an optical integrated circuit is constructed by us- 
ing both light emitting diodes and semiconductor light 
reception elements. Since only semiconductor light re- 
ception elements may be optically coupled to an optical 
waveguide circuit, the core alignment and optical cou- 
pling can be easily carried out. In particular, since the 
mode field diameter of light emitting elements such as 
laser diodes, etc. is greatly different from the mode field 
diameter of the core of an optical waveguide circuit, 
there causes such problems where the core alignment 
work thereof is very difficult and the optical coupling loss 
will become large However, the mode field diameter of 
the semiconductor light reception element is not greatly 
different from that of an optical waveguide circuit, the 
core alignment work is easily carried out, and the optical 
coupling loss will not become large. Therefore, the 
mounting of semiconductor light reception elements can 
be remarkably easily performed in comparison with the 
mounting of light emitting elements. 

Accordingly, the mounting process of optical inte- 
grate circuits is very easy in an optical integrated circuit 
for bidirectional communications according to the inven- 
tion, and in line therewith, it is possible to further de- 
crease the production cost of the equipment and to 
make the same highly accurate. 

furthermore, according to an optical integrated cir- 
cuit for bidirectional communications in which the 
abovementioned optical waveguide circuit is made an 
optical wavelength division multiplexer having a bidirec- 
tional light input/output port into which both communi- 
cation signal light and non-communication signal light, 
the wavelength of which is different that of the corre- 
sponding communication signal light, a communication 
light output port for leading the communication signal 
light of the communication signal light and non-commu- 
nication signal light incident from the corresponding bi- 
directional tight input/output port to the input side of a 
semiconductor light reception element, and a non-com- 
munication signal light for leading the non-communica- 
tion light in a direction deviating from the input side of 
the corresponding semiconductor light reception ele- 
ment, it is possible to construct a high density light'trans- 
mission system which is able to simultaneously carry out 
both optical communications using the communication 
signal light and picture proposal service using, for ex- 
ample, non-communication light as non-communication 
light, by using an optical fiber transmission cable, etc. 

Furthermore, when forming an optical wavelength 
division multiplexer by the abovementioned optical 
waveguide circuit, in an optical integrated circuit for bi- 
directional communications, by providing the main light 
path for connecting the bidirectional light input/output 
port and a branched path branched from the main light 
path, providing a communication light selective trans- 
mission filter at the branch portion of the main light path 



10 

and branch path, and forming a Mach-Zehnder interfer- 
ometer type circuit by the first optical waveguide and the 
second optical waveguide, it is possible to construct an 
optical wavelength division multiplexer which is able to 

s easily divide the communication signal light from the 
non-communication light at a high accuracy. 

Furthermore, since an optical integrated circuit for 
bidirectional communications according to the invention 
is composed by forming the abovementioned polariza- 

10 tjon plane modulating element of piezoelectric ele- 
ments, it is possible to form a polarization plane modu- 
lating element which is able to easily modulate the plane 
of polarization at a high accuracy. 

According to an optical integrated circuit for bidirec- 

'5 tional communications of the invention, in which the 
abovementioned piezoelectric element is constructed 
by laminating a lower electrode, a piezoelectric member 
and an upper electrode in the order on the surface of 
the upper clad layer, it is possible to easily form a pie- 

20 zoelectric element at a high accuracy, whereby it is pos- 
sible to modulate the plane of polarization, which is car- 
ried out by a piezoelectric element, at a much higher 
accuracy. 

Furthermore, according to an optical integrated cir- 
2S cuit for bidirectional communications of the invention, in 
which the abovementioned substrate is made of a sili- 
con substrate or silica glass substrate, and the optical 
waveguide circuit is formed by any one of flame depo- 
sition method, evaporation method, and chemical vapor 
30 phase growth method, it is possible to easily form an 
optical waveguide circuit at a high accuracy. 

Still furthermore, according to an optical integrated 
circuit for bidirectional communications of the invention, 
in which a reverse bias impression device for impressing 
55 reverse bias voltage is connected to the abovemen- 
tioned semiconductor light reception element, the re- 
ception mode actuation portion is constructed so as to 
drive the reverse bias impression device when commu- 
nication signal light is inputted into the corresponding 
•to semiconductor light reception element, and the trans- 
mission mode actuation portion establishes a bias-free 
or forward bias state by stopping the reverse bias im- 
pression drive of the abovementioned reverse bias im- 
pression device when communication signal light is in- 
45 putted into the semiconductor light reception element to 
transmit the communication signal light inputted into the 
semiconductor light reception element from the input 
side of the corresponding semiconductor light reception 
element to the reflector side, it is possible to easily con- 
50 trol the reception of communication signal light by the 
reception mode actuation portion and also to easily to 
control the transmission of communication signal light 
by the transmission mode actuation portion. 

Still furthermore, according to a method for produc- 
es ing an optical integrated circuit for bidirectional commu- 
nications of the present invention, after optical 
waveguide circuits are formed on a substrate at areas 
other than those where semiconductor light reception 
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elements are disposed, semiconductor light reception 
elements can be mounted at electrode patterns on the 
surface side of the area, at which semiconductor light 
reception elements are disposed, and it is possible to 
easily optically connect the semiconductor light recep- 
tion elements to the outgoing end side of the core of an 
optical waveguide circuit at a high accuracy, whereby it 
is possible to easily produce an optical integrated circuit 
for bidirectional communications at a high accuracy 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the 
present invention will become more apparent and more 
readily appreciated from the following detailed descrip- 
tion of the exemplary embodiments of the invention, tak- 
en in conjunction with the accompanying drawings, in 
which: 

FIG, 1 is a block diagram showing a configuration of 
major parts of a preferred embodiment of an optical in- 
tegrated circuit for bidirectional communications ac- 
cording to the invention. 

FIG. 2 is a construction view showing one example 
of optical transmitter-receiver equipment in which an op- 
tical integrated circuit according to the abovementioned 
preferred embodiment is used. 

FIG. 3 is an explanatory view showing an equipment 
construction of another preferred embodiment of an op- 
tical integrated circuit for bidirectional communications 
according to the invention. 

FIG. 4 is an explanatory view showing showing an 
equipment construction of still another preferred em- 
bodiment of an optical integrated circuit for bidirectional 
communications according to the invention. 

FIG 5A and FIG.5B are explanatory views showing 
a construction example of a photo diode used for the 
preferred embodiments of an optical integrated circuit 
for bidirectional communications according to the inven- 
tion. 

FIG. 6. is an explanatory view showing one example 
of an optical transmission system for an optical sub- 
scriber system. 

FIG. 7 is an explanatory block diagram showing a 
construction example of conventional optical transmit- 
ter-receiver equipment. 

FIG. 8 is an explanatory view showing the equip- 
ment construction example of the conventional optical 
transmitter-receiver equipment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, a description is given of preferred em- 
bodiments of the invention with reference to the accom- 
panying drawings. In the description of preferred em- 
bodiments of the invention, the parts which are identical 
to those in the conventional example are given the same 
reference numbers, and the description thereof is omit- 



ted. In Fig. 1 , the construction of major parts of one pre- 
ferred embodiment of an optical integrated circuit for bi- 
directional communications according to the invention 
is illustrated, using a block diagram. In Fig. 2, an exam- 
5 pie of the system configuration of optical transmitter-re- 
ceiver equipment 5 using the optical integrated circuit is 
illustrated. As shown in Fig. 1 , an optical integrated cir- 
cuit for bidirectional communications of the preferred 
embodiment is constructed of an optical wavelength di- 

10 vision multiplexer 10, a photo diode 8, a piezoelectric 
element 15, a reverse bias impression device 13, a 
transmission mode actuation portion 1 6, and a reception 
mode actuation portion 1 7. 

Furthermore, as shown in Fig. 2, an optical 

f5 waveguide circuit 20 is formed by forming a lower clad 
layer 27, core 1 8 and upper clad layer 27b on a substrate 
25 in the order, wherein a fiber fixing member 21 is se- 
cured at the incident side of the optical waveguide circuit 
20 as in the conventional examples, and optical fibers 

20 23a and 23b are disposed and fixed at the fiber fixing 
member 21 . On the other hand, a photo diode 8 which 
acts as a semiconductor light reception element is con- 
nected to the outgoing end 29 side of the core 18 of the 
optical waveguide circuit 20 and is mounted on the sub- 
• 25 strate 25. A high reflection coating film 30 which func- 
tions as a reflector of communication signal light is pro- 
vided at the photo diode 8. Furthermore, a piezoelectric 
element 15 which acts as a* polarization plane modulat- 
ing element is formed on the surface of the upper clad 

30 layer 27b at the upper side at the outgoing end 29 side 
of the core 18. ^ 

The optical waveguide circuit 20 has a bidirectional 
light input/output port 33 into which both communication 
signal light of wavelength X^ and non-communication 

35 signal light (wavelength X2) having a different. wave- 
length from the communication signal light, a communi- 
cation light output port 34 for leading only the commu- 
nication signal light of the communication signal light 
and non-communication light which are made incident 

40 from the bidirectional light input/output port 33 to the in- 
put side of the photo diode 8 and a non-communication 
light output port 35 for leading the non-communication 
light in a direction deviating from the input side of the 
photo diode 8, thereby constituting an optical wave- 
rs length division multiplexer 10 shown in Fig. 1 . The bidi- 
rectional light input/output port 33 is connected to the 
optical fiber 23a, the communication light output port 34 
is connected to the photo diode 8, and the non-commu- 
nication light output port 35 is connected to the optical 

so fiber 23b. Furthermore, a main light path 52 which con- 
nects the bidirectional light input/output port 23 and 
communication light output port 34 is formed, and the* 
non-communication light output port 35 is provided at 
the outgoing end side of a branch path 53 which is 

55 branched from the main light path 52, wherein a filter 
groove 22 is formed at the branch portion where the 
main light path 52 and branch path 53 are separated 
from each other, and a communication light selective 
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transmission filter 24 is provided at the filter groove 22. 
The communication light selective transmission filter 24 
has functions of transmitting the communication signal 
light incident from the bidirectional light input/output port 
33 to the communication light output port 34 side, trans- 
mitting the reflected light of the photo diode 8 of the com- 
munication signal light to the bidirectional light input/out- 
put port 33 side, and reflecting the non-communication 
light incident from the bidirectional light input/output port 
33 to the branch path 53 side. 

Furthermore, in the preferred embodiment, a sub- 
strate 25 is made of silicon substrate, and the optical 
waveguide circuit 20 is formed by any one of flame dep- 
osition method, evaporation method, and chemical va- 
por phase growth method. 

The abovementioned piezoelectric element 15 is, in 
this preferred embodiment, constructed by laminating 
and forming a lower electrode, a piezoelectric member, 
and an upper electrode in the order on the surface side 
of the abovementioned upper clad layer 27b. In details, 
an Au/Cr multilayered film is deposited as the lower 
electrode, ZnO is formed to be film-like as a piezoelec- 
tric member by using a high-frequency magnetron spat- 
tering apparatus thereon, and furthermore, an Au/Cr 
multilayered film is formed thereon as the upper elec- 
trode by the same deposition method as that for the low- 
er electrode. Furthermore, it is necessary to orient the 
ZnO in C axis in order to obtain a good piezoelectric film. 
Since the atomic orientation of ZnO in C axis is well 
matched to the atomic orientation of (111 ) plane of Au, 
it is possible to form a good piezoelectric film by orient- 
ing Au in (111 ) plane. Still furthermore, by depositing Cr 
as the undercoat of Au, it is possible to increase the 
(111) plane orientation of Au in addition to an increase 
of the adhesivity of Au to glass. 

The photo diode 8 is mounted to the substrate 25 
via an electrode pattern 19. A reception mode actuation 
portion 17 which actuates the photo diode 8 in line with 
the synchronization timing of reception when communi- 
cation signal light is inputted into the photo diode 8 
through the optical waveguide circuit 20 and causes the 
photo diode 8 to receive the communication signal light 
is connected to the photo diode 8 as shown in Fig. 1 . 
Furthermore, although not illustrated in Fig. 1 , a light re- 
ception drive circuit and a reception modulating circuit 
which are similar to those in the conventional example 
are connected to the reception mode actuation portion 
1 7. A reverse bias impression device 1 3 which is similar 
to that of the conventional example is connected to the 
photo diode 8, and the reception mode actuation portion 
17 is constructed so that the photo diode 8 is actuated 
by driving the reverse bias impression device 13 when 
communication signal light is inputted into the photo di- 
ode 8. 

The transmission mode actuation portion 16 re- 
flects, the communication signal light to the incident side 
(bidirectional light input/output port 33 side) of the opti- 
cal waveguide circuit 20 by the high reflection coating 



film 30 without actuating the photo diode 8 when the 
communication signal light is inputted into the photo di- 
ode 8, simultaneously gives a polarization plane modu- 
lation to the reflected light of the communication signal 
5 light by the abovementioned piezoelectric element 15, 
and transmits the polarization plane modulated light into 
the incident side (bidirectional light input/output port 33 
side) of the core 18 of the optical waveguide circuit 20 
as transmission light. With respect to this control, the 

io transmission mode actuation portion 16 is constructed 
so that the same establishes a bias-free or a forward 
bias state by stopping the reverse bias drive of the re- 
verse bias impression device 13 when the communica- 
tion signal light is inputted into the photo diode 8 and 

'5 the communication signal light inputted into the photo 
diode 8 is transmitted (guided) from the input side of the 
photo diode 8 to the high reflection coating film 30 side. 

Fig.SA and Fig.5B respectively show the detailed 
construction example of the photo diode 8, wherein Fig. 

20 5A shows a waveguide type light reception element and 
Fig.5B shows a plane type light reception element. In 
these drawings, 36 is a low reflection coating portion, 
38 is an upper electrode, 39 is a lower electrode, 40 is 
a p-lnGaAs contact layer, 41 is an InP ridge, 42 is a p- 

25 inP upper clad, 43 is a 1 1nGaAs P core layer, 44 is an 
N-lnP lower clad, 45 is non-reflection coating, 46 is a 
1-lnGaAs contact layer, 47 is an InP upper clad, 48 is a 
multiple quantum well, 49 is*a black reflection mirror, and 
50 is an InP lower clad. 

30 For example, a waveguide type light reception ele- 

ment shown in Fig.5A has such a laminated structure 
where a 1 -InGaAs P core layer 43 is put between the n- 
InP lower clad 44 and p-lnP upper clad 42, thereby form- 
ing a PN junction diode. !n this photo diode 8, the low 

35 reflection coating portion 36 is formed at the incident 
side of light and a high reflection coating film 30 is 
formed at the opposite side thereof, wherein as reverse 
bias impression voltage is impressed from the reverse 
bias impression device 13 to the photo diode 8, the 

40 same can be detected as an optical current in response 
to the modulation of the incident light (communication 
signal light) passing through the 1 -InGaAs P core layer 
43. 

Furthermore, in a case of a bias-free state where 
^5 no reverse bias voltage is impressed in the photo diode 
8, the 1 -InGaAs P core layer 43 becomes almost trans- 
parent. Therefore, as a bias-free state is established by 
stopping the drive of the reverse bias impression device 
at the abovementioned transmission mode actuation 
so portion 16 when communication signal light is transmit- 
ted, the communication signal light which is made inci- 
dent into the photo diode 8 arrives at the high reflection 
coating film 30 through the 1-lnGaAsP core layer 43, 
where the same is reflected by the high reflection coat- 
55 ing layer 30. 

Furthermore, in a case of a plane type light recep- 
tion element shown in Fig.5B, the multiple quantum well 
48 functions like the 1-lnGaAsP core layer 43 of the 
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waveguide type light reception element shown in Fig. 
5A, and the photo diode 8 is detected as an optical cur- 
rent in -response to the modulation of the incident com- 
munication signal light when reverse bias voltage is im- 
pressed by the reverse bias impression device 1 3, and 5 
when the bias-free state is established, the incident 
communication signal light arrives at the Bragg reflec- 
tion mirror 49 through the multiple quantum well 48, 
wherein the same is reflected by the Bragg reflection 
mirror 49. 10 

The preferred embodiment is constructed as de- 
scribed above, and when an optical integrated circuit for 
bidirectional communications is produced, for example, 
an optical waveguide circuit 20 is formed at areas other 
than the areas excepting the areas where the photo di- is 
ode 8 is disposed on the substrate 25, and an electrode 
pattern 19 is formed on the surface side of the areas, at 
which the photo diode 8 is disposed, at the substrate 25. 
Thereafter, by mounting the photo diode 8 on the elec- 
trode pattern 1 9 and connecting the same at the outgo- 20 
ing end 29 side of the core 18 of the optical waveguide 
circuit 20, an optical integrated circuit for bidirectional 
communications can be produced. 

Next, a description is given of the actions of the pre- 
ferred embodiment. Furthermore, this embodiment is, 25 
for example, installed at a subscriber house 2, as well 
as the conventional optical transmitter-receiver equip- 
ment 5, wherein an optical fiber 23a is connected to an 
optical fiber transmission cable 3 of an optical transmis- 
sion system for subscribers as shown in Fig. 6 while an 30. 
optical fiber 23b is connected to a picture signal light 
reception device such as a video 11 , etc. And as com- 
munication signal light of wavelength ^.1 and picture sig- 
nal light X2 which are transmitted by the optical fiber 
transmission cable 3 and passes through the optical fib- 35 
er 23a are made incident from the bidirectional light in- 
put/output port 33 of the optical waveguide circuit 20," 
the communication signal light and picture signal light 
are made incident into a communication light selective 
transmission filter 24, wherein the communication signal 40 
light of wavelength X^ is transmitted through the com- 
munication light selective transmission filter 24 and ad- 
vances to the communication light output port 34 side 
while the picture signal light of wavelength X2 is reflect- 
ed by the communication light selective transmission fil- ■*$ 
ter 24, advances to the non-communication light output 
port 35 side and is further received by the video 11 , etc. 
via the optical fiber 23b. 

The communication signal light propagated to the 
communication light output port 34 side is caused to out- 50 
go from the outgoing end 29 side and is inputted into the 
photo diode 8. However, at this time, at the reception 
mode for receiving communication signal light by the 
photo diode 8, the photo diode 8 is driven by the reverse 
bias impression device 13, which is carried out in re- 55 
sponse to the synchronization timing of reception on the 
basis of control of the reception model actuation portion 
17 when the communication signal light is inputted into 



the photo diode 8, whereby the communication signal 
light is received by the photo diode 8. This reception sig- 
nal is demodulated by a reception demodulation circuit 
secured at the reception mode actuation portion and is 
detected as an optical current. 

On the other hand, at the transmission mode which 
is able to transmit communication signal light from the 
optical integrated circuit for bidirectional communica- 
tions, the drive of the reverse bias impression device is 
obstructed by the transmission mode actuation portion 
16, whereby the photo diode 8 is not actuated. There- 
fore, the communication signal light inputted into the 
photo diode 8 by a station 1 side is allowed to reach the 
high reflection coating layer 30, wherein the communi- 
cation signal light is reflected by the high reflection coat- 
ing layer 30 to the bidirectional input/output end side of 
the optical waveguide circuit 20. Furthermore, at this 
time, high-frequency signals are impressed as transmis- 
sion signals by the transmission mode actuation portion 
16, using a piezoelectric element 15, whereby elastic 
waves are generated by a piezoelectric film of the pie- 
zoelectric element 15, the elastic waves operate on the 
core 18 to cause birefringence to be produced at the 
core 18. Accordingly, with this action, polarization plane 
modulation is given to the reflected light of the commu- 
nication signal light, wherein the polarization plane mod- 
ulated light is constituted to be transmission light which 
is able to pass through the core 18 and pass through 
the communication light selective transmission filter 24. 
Herein, the modulated light reversely moves to the bidi- 
rectional light input/output port 33 side and is transmit- 
ted by the light fiber transmission cable 3, passing 
through the optical fiber 23a, whereby the light transmis- 
sion is thus carried out. 

Furthermore, since the transmission light is made 
polarization plane modulated light, the polarization 
plane modulated light is caused to pass through an op- 
tical detector, etc. at the light reception portion (for ex- 
ample, station 1 side) of the transmission light to demod- 
ulate the same as intensity modulated light, and the 
same can be detected. 

According to. the preferred embodiment, by the 
abovementioned actions, it is possible to carry out light 
transmission by utilizing communication signal light 
transmitted from the station 1 side without using any 
light emitting elements such as laser diodes 6, etc. 
which are requisite in the conventional light transmitter- 
receiver equipment 5, and it is possible to carry out bi- 
directional communications of light using the photo di- 
ode 8 which acts as a semiconductor light reception el- 
ement. Therefore, it is possible to achieve the downsiz- 
ing of facility and a decrease of the production cost in 
line with omission of light emitting elements such as la- 
ser diodes 6, etc. 

Furthermore, as in the conventional example, in a 
case where communication signal light is transmitted by 
using light emitting elements such as laser diodes 6, 
etc., it is necessary to emit intensive light which is 
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caused to transmit through an optical fiber transmission 
cable 3. Therefore, a large-sized and highly accurate 
light emission drive circuit is required. However, accord- 
ing to the preferred embodiment, communication signal 
light is given polarization plane modulation by utilizing 5 
the communication signal light transmitted, for example, 
from the station 1 side to a subscriber house 2 side and 
received by the photo diode 8 in order to cause the same 
to be transmission light from the subscriber house 2 
side. Therefore, it is needless to say that no large-sized 10 
drive circuit is required, and the transmission light can 
be easily formed by the polarization plane modulation 
of the communication signal light received by the photo 
diode 8 side. Accordingly, it is possible to easily obtain 
light transmission from subscriber houses 2 side at a is 
decreased production cost. 

Furthermore, according to the preferred embodi- 
ment, in addition to the downsizing and high integration 
of the facility, and decrease of the production cost in line 
with omission of light emitting elements such as laser 20 
diodes 6, etc. and light emission drive circuit 12, which 
are requisite in the conventional optical transmitter-re- 
ceiver equipment 5, only the photo diode 8 may be 
aligned with and optically coupled to the optical 
waveguide circuit 20, differing from the conventional op- 25 
tical transmitter-receiver equipment 5 for which the laser 
diode 6 and photo diode 8 must be individually aligned 
and optical coupled to the optical waveguide circuit 20. 
Therefore, the alignment work and optical coupling 
thereof can be easily carried out in a short time. 30 

Still furthermore, since the mode field diameter of 
the photo diode 8 is not greatly different from the mode 
field diameter of the core 18 of the optical waveguide 
circuit 20 unlike the mode field diameter of laser diode 
6, the optical coupling loss will not be increased unlike 35 
the optical coupling between the laser diode 6 and the 
optical waveguide circuit 20 in the conventional equip- 
ment. Furthermore, no countermeasure against reflec- 
tion is required in order to prevent the optical coupling 
loss from being increased. Therefore, it is possible to 40 
produce equipment. Resultantly, the production cost of 
the equipment can be further decreased. 

Furthermore, according to the preferred embodi- 
ment, a polarization plane modulating element to give 
polarization plane modulation to the reflection light at 45 
the photo diode 8 with respect to communication signal 
light is formed of piezoelectric elements 15. Since it is 
possible easily form the piezoelectric elements 15 at a 
high accuracy by laminating and forming a lower elec- 
trode, a piezoelectric member and an upper electrode so 
in the order on the surface side of the upper clad layer 
27b of the optical waveguide circuit 20, the equipment 
can be further easily produced, and it is possible to pro- 
duce highly accurate equipment. 

Furthermore, according to the preferred embodi- ss 
ment, since Au/Cr multiple layers are used as a lower 
electrode and an upper electrode when forming the pi- 
ezoelectric element 15, the Au glass adhesivity can be 



increased by depositing Cr as the undercoat of Au, and 
the (111) plane orientation of Au can be improved. Still 
furthermore, the C axis orientation of ZnO can be per- 
formed by depositing and forming a ZnO piezoelectric 
member at the lower electrode of Au/Cr. Moreover, by 
giving polarization plane modulation to the reflection 
light of the communication signal light using the piezo- 
electric element 15, the polarization plane modulation 
can be further accurately carried out. 

Furthermore, the present invention is not limited to 
the preferred embodiment. Various variations and mod- 
ifications may be available as embodiments thereof. For 
example, in the abovementioned preferred embodi- 
ment, although an optical waveguide circuit 20 is con- 
structed by forming a lower clad layer 27a, a core 18 
and an upper clad layer 27b on the surface side of a 
substrate 25 in the order, the surface of which is flat, for 
example, as shown in Fig. 3, the optical waveguide cir- 
cuit 20 may be constructed by forming a lower clad layer 
27a on a substrate 25 having a dent portion 28 and form- 
ing a core layer 18. and an upper clad layer 27b thereon. 

Still furthermore, although in the above preferred 
embodiment an electrode pattern 19 is directly formed 
on the surface side of a substrate 25 and a photo diode 
18 is mounted on the electrode pattern 1 9, for example, 
as shown in Fig. 3, the photo diode 18 may be mounted 
on an electrode pattern 1 9 which is formed on the upper 
side of an insulation film 26 formed on the surface side 
of the substrate 25 as necessary. 

Furthermore, with the abovementioned preferred 
embodiment, the optical waveguide circuit 20 has a 
main light path 52 and a branch path 53 and provides a 
communication light selective transmission filter 24 at 
the branch portion of the main light path 52 and branch 
path 53, and accordingly an optical wavelength division 
multiplexer 1 0 is formed, which is able to divide the com- 
munication signal light and non-communication signal 
light incoming from the bidirectional light input/output 
port 33 and leads the communication signal light to the 
communication light output port 34 side and leads the 
non-communication light to the non-communication 
light output port 35 side. However, for example, as 
shown in Fig. 4, the optical waveguide circuit 20 may be 
a Mach-Zehnder interferometer type circuit having the 
first optical waveguide 7a and second waveguide 7b. 

Furthermore, the Mach-Zehnder interferometer 
type circuit is such that the first waveguide 7a and sec- 
ond waveguide 7b are juxtaposed and formed in a row 
with a gap secured therebetween, two directional cou- 
plers 54 which are formed with the first optical 
waveguide 7a and second optical waveguide 7b ap- 
proached each other partway of the first optical 
waveguide 7a and second optical waveguide 7b are ar- 
ranged in series, and a phase-shifting portion in which 
the length of the first optical waveguide 7a and that of 
the second optical waveguide 7b are made relatively dif- 
ferent from each other is caused to intervene between 
the two directional couplers 54. And in the example 
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shown in Fig. 4, the incident side of the second optical 
waveguide. 7b is made a bidirectional light input/output 
port 33* and the outgoing side thereof is made a com- 
munication light output port 34 while the outgoing side 
of the first optical waveguide 7a is made a non-commu- 
nication light output port 35. 

Furthermore, when a Mach-Zehnder interferometer 
type circuit is used for an optical wavelength division 
multiplexer 1 0 composed of an optical waveguide circuit 
20, the incident side of any one of the first and second 
optical waveguides may be made a bidirectional light in- 
put/output port, the outgoing side of any one of the first 
and second waveguides may be made a communication 
light output port, and the outgoing side of the other op- 
tical waveguide may be made a non-communication 
light output port. 

Furthermore, in the abovementioned preferred em- 
bodiment, although the piezoelectric element 15 is con- 
structed by laminating and forming a lower electrode of 
Au/Cr, a piezoelectric member of ZnO, and an upper 
electrode of Au/Cr in the order on the surface side of the 
upper clad layer 27b of the optical waveguide circuit 20, 
it is not necessary that the formation method of the pie- 
zoelectric element 1 5 and materials used for forming the 
piezoelectric element 15 are particularly limited, they 
may be adequately determined. 

Still furthermore, in the above preferred embodi- 
ment, although a polarization plane modulating element 
which gives polarization plane modulation to the reflec- 
tion light at the photo diode 8 of communication signal 
light is formed of a piezoelectric element 15, the polari- 
zation plane modulating element may not be necessarily 
limited to the formation by a piezoelectric element 15. 
The same may be any element which is able to modulate 
the plane of polarization with respect to the reflection 
light of the communication signal light. 

Furthermore, in the above preferred embodiment, 
although the substrate 25 is a silicon substrate, the sub- 
strate 25 is not limited to a silicon substrate. It may be 
made of silica glass substrate. 

Furthermore, in the abovementioned preferred em- 
bodiment, although the optical waveguide circuit 20 is 
formed by any one of flame deposition method, evapo- 
ration method, and chemical vapor phase growth meth- 
od, the optical waveguide circuit 20 may be formed by 
any method other than these. 

Furthermore, although in the preferred embodiment 
the transmission mode actuation portion 16 causes the 
photo diode 8 to enter a bias-free state by stopping the 
drive of a reverse bias impression device 1 3 when com- 
munication signal light is inputted into the photo diode 
8 and causes the photo diode 8 not to be operated, the 
transmission mode actuation portion 16 may cause the 
reverse bias impression device 1 3 to enter a forward bi- 
as state by stopping the drive of the reverse bias im- 
pression device 13, thereby causing the photo diode 8 
not to be operated. 

Furthermore, in the preferred embodiment it is con- 



structed that the optical waveguide circuit 20 is made a 
circuit of the optical wavelength division multiplexer 1 0, 
for example, wherein communication signal light of 
wavelength X^ and non-communication signal light (for 
5 example, picture signal light of a wavelength X2) of a 
wavelength different from the wavelength of the com- 
munication signal light are inputted into the bidirectional 
light input/output port 33, only the communication signal 
light is outputted from the communication light output 

io port 34 (the output end 29 of the core 1 8) and is inputted 
into the photo diode 8 while the non-communication light 
is outputted from the non-communication light output 
port 35. However, the optical waveguide circuit 20 pro- 
vided in an optical integrated circuit for bidirectional 

15 communications according to the invention may not be 
necessarily limited to the circuit of an optical wavelength 
division multiplexer 10. 

For example, the optical waveguide circuit 20 may 
be constituted to be a circuit having a core 18, commu- 
te* nication signal light inputted into a semiconductor light 
reception element such as a photo diode 8, etc. through 
the core 18 is received by the semiconductor light re- 
ception element by controlling the reception mode ac- 
tuation portion 1 7, and communication signal light is re- 

25 fleeted to the optical waveguide circuit 20 side by con- 
trolling the transmission mode actuation portion. 16, 
wherein polarization plane modulation is given to the re- 
flection light to form transmission light, and thereby is 
transmitted to the incident side of the core 18 (that is, 

30 the bidirectional light input/output end side). 

However, when an optical integrated circuit forbidi- 
rectional communications according to the invention is 
applied to a subscriber light transmission system as 
shown in Fig. 6, if it is possible to receive both commu- 

35 nication signal light and non-communication light such 
as picture signal light, etc. as in the abovementioned 
preferred embodiment wherein communication can be 
carried out by only the communication signal light and 
the picture signal light can be introduced to a picture 

*o signal light receiving device such as a video 11, etc., a 
system which can provide both services of communica- 
tion by communication signal light and picture signal 
transmission by picture signal light by utilizing an optical 
fiber transmission cable 3 can be constructed at a de- 

•*s creased production cost. 

FIG.1 ' 

10 Optical wavelength division multiplexer 

so 1 1 Video 

8 Photo diode 

15 Piezoelectric element 

16 Transmission mode actuation portion 
13 Reverse bias impression device 

55 17 Reception mode actuation portion 

FIG. 7 
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1 1 Video 

12 Light emission drive circuit 
9 1 x2 optical coupler 

14 Reception demodulation circuit 

51 Light reception drive circuit 
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Claims 

1. An optical integrated circuit for bidirectional com- 
munications in which an optical waveguide circuit 
having a lower clad layer, a core and an upper clad 
layer formed in the order on a substrate and a sem- 
iconductor light reception element is connected to 
the outgoing end side of said core of said optical 
waveguide circuit, comprising: 

a reception mode actuation portion in which a 
reflector for communication signal light is pro- 
vided at said semiconductor light reception el- 
ement, a polarization plane modulating ele- 
ment is formed on the surface side of said upper 
clad layer of an optical waveguide circuit in a 
channel of reflection light reflected by said re- 
flector and arriving at the bidirectional input/ 
output end of said optical waveguide circuit, 
said semiconductor light reception element is 
actuated in line with a synchronization timing of 
reception when communication signal light is 
inputted into said semiconductor light reception 
element through said optical waveguide circuit 
thereby causing said communication signal 
light to be received by said semiconductor light 
reception element; and 

a transmission mode actuation portion in which 
said communication signal light is reflected to 
said bidirectional input/output end side of said 
optical waveguide circuit by said reflector with- 
out actuating said semiconductor light recep- 
tion element when said communication signal 
light is inputted into said semiconductor light re- 
ception element, in line therewith polarization 
plane modulation is given to said reflection light 
by said polarization plane modulating element, 
and said polarization plane modulated light is 
made transmission light and the same is trans- 
mitted to said bidirectional input/output end 
side of the core of said optical waveguide cir- 
cuit. 

2. An optical integrated circuit for bidirectional com- 
munications as set forth in claim 1 , wherein said op- 
tical waveguide circuit is constituted as an optical 



wavelength division multiplexer having a bidirec- 
tional light input/output port into which both commu- 
nication signal light and non-communication- signal 
light, the wavelength of which is different from that 

s of said communication signal light, are made inci- 

dent, a communication light output port for leading 
only said communication signal light of the commu- 
nication signal light and non-communication signal 
light to the input side of said semiconductor light re- 

10 ception element, and a non-communication signal 

light output port for leading said non-communica- 
tion signal light in a direction deviating from the. in- 
put side of said semiconductor light reception ele- 
ment. 

15 

3. An optical integrated circuit for bidirectional com- 
. munications as set forth in claim 2, wherein said op- 
tical waveguide circuit has a main light path for con- 
necting said bidirectional light input/output port and 

20 communication light output port, a non-communica- 
tion light output port is provided at the outgoing end 
side of a branch path branched from said main light 
path, and a communication light selective transmis- 
sion filter is provided at the branch portion of said 

2S main light path and branch path, which is able to 

transmit communication signal light incident from 
said bidirectional light input/output port to said com- 
munication light output port side, to transmit the light 
reflected by a semiconductor light reception ele- 

30 ment of said communication signal light to said bi- 

directional light input/output port, and to reflect said 
non-communication light incident from said bidirec- 
tional light input/output port to said branch path 
side. 

35 

4. An optical integrated circuit for bidirectional com- 
munications as set forth in claim 2, wherein said op- 
tical waveguide circuit is constructed to be a Mach- 
Zehnder interferometer type circuit which has the 

40 first optical waveguide and second optical 

waveguide, wherein the first optical waveguide and 
second optical waveguide are juxtaposed and 
formed in a row with a gap provided therebetween, 
two directional couplers formed by drawing said first 

4$ optical waveguide and second optical waveguide 
closer to each other are disposed in a series part- 
way of said first optical waveguide and second op- 
tical waveguide, and a phase-shifting portion in 
which the lengths of said first optical waveguide and 

so second optical waveguide are relatively changed in- 
tervenes between said two directional couplers, 
and the incident side of any one of said first and 
second optical waveguides is made a bidirectional 
light input/output port, the outgoing side of any one 

55 of said first and second optical waveguides is made 

a communication light output port, and the outgoing 
side of the other optical waveguide is made a non- 
communication output port. 
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5. An optical integrated circuit for bidirectional com- 
* munications as set forth in claim 1 , 2, 3 or 4, wherein 

a reverse bias impression device for impressing re- 
verse bias voltage is connected to a semiconductor 
light reception element, a reception mode actuation s 
portion is constructed so as to drive said reverse 
bias impression device when communication signal 
light is inputted into said semiconductor light recep- 
tion element, and a transmission mode actuation 
portion establishes a bias-free state or forward bias io 
state by stopping the impression and drive of re- 
verse bias to said reverse bias impression device 
when communication signal light is inputted into 
said semiconductor light reception element, there- 
by causing the communication signal light inputted '5 
into said semiconductor light reception element to 
be transmitted from the input side of said semicon- 
ductor light reception element to the reflector side. 

6. An optical integrated circuit for bidirectional com- 20 
munications as set forth in claim 1 , wherein a polar- 
ization plane modulation element is formed of a pi- 
ezoelectric element. 

7. An optical integrated circuit for bidirectional com- 25 
munications as set forth in claim 6, wherein said pi- 
ezoelectric element is constructed by depositing 
and forming a lower electrode, a piezoelectric mem- 
ber and an upper electrode in the order on the sur- 
face side of an upper clad layer. 30 

8. An optical integrated circuit for bidirectional com- 
munications as set forth in claim 1 , wherein a sub- 
strate is made of a silicon substrate or silica glass 
substrate, and an optical waveguide circuit is 35 
formed by any one of flame deposition method, 
evaporation method, and chemical vapor phase 
growth method. 

9. A method for producing an optical integrated circuit 40 
for bidirectional communications, wherein after an 
optical waveguide circuit for enabling bidirectional 
communications is formed on a substrate at areas 
other than those where semiconductor light recep- 
tion elements are disposed and electrode patterns 

are deposited and formed on the surface side of the 
areas, at which semiconductor light reception ele- 
ments are disposed, of a substrate, semiconductor 
light reception elements are mounted on said elec- 
trode patterns and said semiconductor light recep- so 
tion elements are optically connected to the outgo- 
ing end side of the core of said optical waveguide 
circuits. 
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